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Description

Technical Field

[0001] The invention concerns a microfluidic sensing
device, for conducting measures on liquid samples, com-
prising a housing having:

- a first opening defining an inlet and/or an outlet for
a liquid sample,

- a detection chamber provided with at least one elec-
trochemical sensor,

- a first microfluidic path connecting the first opening
to the detection chamber, such that the detection
chamber can be filled in with a predefined volume of
the liquid sample so as to conduct at least one meas-
ure,

- a second opening designed so as to allow the appli-
cation of a negative and/or positive pressure within
the housing,

- a second microfluidic path connecting the second
opening to the detection chamber,

- a third opening designed so as to allow the applica-
tion of a negative and/or positive pressure within the
housing, and

- a third microfluidic path connecting the third opening
to the first microfluidic path.

[0002] More precisely, the present invention relates to
the field of molecular detection in liquid solutions, in par-
ticular by means of electrochemical sensors, i.e. sensors
which provide an electric signal (voltage, current, imped-
ance or power), which is a function of the concentration
of certain molecules in the measured liquid sample. More
particularly, the present invention concerns a microfluidic
sensing device enabling this type of measurement by
application on small (micro-liters) sample volumes, and
which can be rinsed and reused several times with min-
imum waste as far as the liquid samples are concerned,
and with no cross-contamination between successive
measurements.
[0003] The invention further concerns a microfluidic
sensing cartridge including at least two microfluidic sens-
ing devices as mentioned above, as well as a method for
manufacturing such a cartridge and a measurement
method implementing such a sensing device or cartridge.
[0004] In particular, a low-cost disposable microfluidic
sensing cartridge is disclosed, which can be used to an-
alyze in parallel with minimum operation steps the con-
centration of specific biomolecules of cell-culture solu-
tions distributed in standard multi-well plates.

State of the art

[0005] There are many types of methods that can be
used for determining the concentration of molecules in a
liquid sample. Methods based in e.g. optical readout (flu-
orescence, luminescence, or colorimetry) typically re-

quire relatively large amounts of sample. Others, based
in molecular recognition and marking/or separation e.g.
using magnetic beads, are not adequate for quantitative
concentration measurements and are typically imple-
mented for single-use positive/negative detection of tar-
get molecules.
[0006] Electrochemical sensors are on the other hand
particularly well suited for measuring the concentration
of molecules in an accurate, quantitative way, from a
small sample volume and can be re-used several times
if the sample is efficiently evacuated and renewed without
cross-contamination between successive measure-
ments.
[0007] Electrochemical sensors have been used for
years now in particular for the measurement of glucose.
When dealing with small sample volumes, the detector
is typically provided in a microfluidic package which will
transport a sample from the measured liquid to the de-
tector by means of capillary forces. This mechanism is
used in e.g. US2004/0256228 A1 to implement dispos-
able electrochemical sensor strips, or in
US2007/0131549 A1 to implement a disposable gluco-
meter.
[0008] Passive liquid transport by capillary forces is in
general an irreversible process and is therefore not ad-
equate for a re-usable sensor.
[0009] Apart from this, active pneumatic actuation has
been also implemented in microfluidic sensors. For ex-
ample, US2009/0042280 A1 discloses a fluidic cartridge
featuring multiple electrochemical sensors in a single de-
tection chamber. Applying negative and positive pres-
sure with a pneumatic actuator allows the entry and exit
of a small volume liquid sample through a unique open-
ing. The multi-analyte sensor is meant to be re-used in
connection with multiple successive samples.
[0010] However, relying exclusively on pneumatic ac-
tuation for the regeneration of the sample volume as
taught by this invention, may lead to cross-contamination
due to residues of the samples left when applying positive
pressure to evacuate the detection chamber. Indeed, as
soon as the unique opening of the cartridge is partially
open to let the air flow out, the positive pressure becomes
ineffective to force the liquid film that is wetting the de-
tection chamber out of it.
[0011] Publication EP 3520894 A1 discloses another
example of a microfluidic device which has several mi-
crofluidic paths connected to valves and having different
flow resistances such that a liquid flow might be reversed
in the device when the state of the valves changes. This
device also includes a detection chamber through which
the liquid flow is reversed when the state of the valves
changes to either fill the chamber or empty it, leading to
a high risk of cross-contamination as explained above.
[0012] US Publication 2015/0060272 A1 discloses an
amperometric sensing cartridge including all the features
as listed above, but also comprising lots of additional
features which, all in all, make the overall construction
quite complex. Indeed, this cartridge further comprises
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further additional chambers playing different roles, many
of them requiring to be isolated from the others. For that
purpose, the cartridge also includes many valves de-
signed so as to either let the corresponding channels
open or to close them, depending on the operating stage
of the corresponding measuring process. This cartridge
is meant to be reusable and thus includes a waste cham-
ber located at the end of a side channel connected to the
output of a detection chamber. On the other hand, the
detection chamber is also connected to an outlet through
which a negative pressure might be applied in order to
pull a fluid to be measured into the detection chamber.
Several pumps might also be required to allow a proper
functioning of the cartridge, one of them being arranged
to pull the measured fluid from the detection chamber
into the waste chamber after a measure is completed.
[0013] Thus, the need still exists for a low-cost dispos-
able microfluidic sensing device which can be used to
measure different successive liquid samples without any
risk of cross-contamination.

Disclosure of the invention

[0014] An aim of the invention is to propose a micro-
fluidic sensing device which overcomes the above-men-
tioned disadvantages of the prior art, which is disposable
but can nevertheless be used to measure different suc-
cessive liquid samples without any risk of cross-contam-
ination.
[0015] More specifically, the invention relates to a mi-
crofluidic sensing device as stated above, and further
comprising

- a waste chamber arranged in the second microfluidic
path, between the second opening and the detection
chamber,

- a first restriction organ having a predefined fluidic
resistance and arranged in the second microfluidic
path, between the second opening and the waste
chamber, so as to restrict the fluid flow in the second
microfluidic path, and

- a second restriction organ having a predefined fluidic
resistance and arranged in the third microfluidic path
for restricting the circulation of fluids therein.

[0016] Thanks to these features, both capillary and
pneumatic forces might be combined to handle a small
predefined volume of a liquid sample into a detection
chamber and, later, into a waste chamber which is directly
part of the microfluidic sensing device. Furthermore, a
major part of the liquid sample that is transported into the
first microfluidic path but without reaching the detection
chamber can be rejected back in the initial sample con-
tainer without any risk of cross-contamination, by appli-
cation of a positive pressure within the third microfluidic
path.
[0017] It might be preferable to provide that the second
restriction organ has a fluidic resistance which is at least

2 times lower, more preferably at least 5 times lower,
than the fluidic resistance of the first restriction organ.
[0018] Advantageously, at least one of the first and
second restriction organs may include a meander shaped
channel having a reduced cross-section with respect to
a mean cross-section of the corresponding microfluidic
path.
[0019] Generally, it might be advantageous that a wick-
ing pad is provided in the waste chamber.
[0020] Generally, it is possible to further provide that
the device comprises

- a main plate having a first side and a second side at
least one of which is provided with at least one recess
defining one or several items from the group com-
prising: the first microfluidic path, the second micro-
fluidic path, the third microfluidic path, the detection
chamber and the waste chamber, and

- at least one sealing plate for sealing the at least one
recess and/or at least one of the first and second
sides.

[0021] According to a preferred embodiment, the first
side of the main plate may comprise a recess defining
the detection chamber, the first side then being sealed
by a sealing plate bearing at least one electrically con-
ducting track.
[0022] The invention also relates to a microfluidic sens-
ing cartridge, for conducting at least two substantially si-
multaneous measures on at least two liquid samples,
comprising a general housing having

- at least two microfluidic sensing devices according
to the above-mentioned features, as well as

- a first distribution channel arranged in communica-
tion with the second opening of each of the at least
two microfluidic sensing devices and having a first
general opening designed so as to allow the appli-
cation of a negative and/or positive pressure within
the first distribution channel, and

- a second distribution channel arranged in commu-
nication with the third opening of each of the at least
two microfluidic sensing devices and having a sec-
ond general opening designed so as to allow the
application of a negative and/or positive pressure
within the second distribution channel.

[0023] Thanks to these additional features, two or more
microfluidic sensing devices can be actuated easily and
simultaneously to measure as many liquid samples as
there are sensing devices.
[0024] According to a preferred embodiment, eight mi-
crofluidic sensing devices may be arranged with respect
to each other in a such a way that all of the eight corre-
sponding first openings are substantially aligned.
[0025] Thanks to these features, this cartridge is adapt-
ed to fit into a standard 96-well cell culture plate. Indeed,
these standard cell culture plates typically comprise 96
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wells arranged in a 8x12 rectangular configuration. Thus,
a same cartridge comprising eight parallel units can be
used twelve successive times to conduct each time eight
simultaneous measures on each of the twelve rows. Al-
ternatively, it is possible to carry out the 96 measures
simultaneously in one time by using twelve such cartridg-
es comprising each eight measuring units.
[0026] The main plates of the different sensing devices
might advantageously be made as one piece in this case
defining a first general side and a second general side.
[0027] The invention also relates to a method for man-
ufacturing such a microfluidic sensing cartridge compris-
ing the steps consisting in:

- providing a general main plate having at least two
sets of recesses for defining the first microfluidic
path, the second microfluidic path, the third micro-
fluidic path, the detection chamber and the waste
chamber for each of the at least two microfluidic
sensing devices, one of the recesses being provided
in the first general side for defining the detection
chamber for each of the at least two microfluidic
sensing devices,

- providing a general sealing plate bearing an electro-
chemical sensor as well as at least one electrically
conducting track for each of the at least two micro-
fluidic sensing devices,

- sealing the first general side with the general sealing
plate, so as to arrange the electrochemical sensors
substantially in alignment with the corresponding de-
tection chambers,

- providing a general cover plate for the second gen-
eral side, and

- sealing the second general side with the general cov-
er plate.

[0028] The present invention further relates to a meas-
urement method applied on at least one liquid sample by
implementation of a microfluidic sensing device accord-
ing to the above-mentioned features, comprising the
steps consisting in:

- immersing the first opening in a liquid sample,
- applying a negative pressure in the housing at least

through the third opening until the detection chamber
is filled in with a predefined volume of the liquid sam-
ple,

- applying a positive pressure in the housing through
the third opening until any excessive part of the liquid
sample is removed at least from a portion of the first
microfluidic path located between the first opening
and the third microfluidic path,

- conducting at least one measure by means of the at
least one electrochemical sensor, and

- extracting the first opening out of the liquid sample
before or after conducting the measure, but before
applying a negative pressure in the housing through
the second opening to transfer the predefined vol-

ume of the liquid sample from the detection chamber
into the waste chamber.

[0029] Alternately, when a microfluidic sensing car-
tridge as mentioned above is used, a similar method
might be implemented, the measurement being applied
on N liquid samples, N being equal to or being a multiple
of the number of microfluidic sensing devices in the mi-
crofluidic sensing cartridge, the method comprising the
steps consisting in:

- immersing the first opening of each of the at least
two microfluidic sensing devices in a corresponding
of the N liquid samples, in a substantially simultane-
ous manner,

- applying a negative pressure in the general housing
at least through the second general opening until the
detection chamber of each of the at least two micro-
fluidic sensing devices is filled in with a predefined
volume of the corresponding liquid sample,

- applying a positive pressure in the general housing
through the second general opening until any exces-
sive part of the liquid samples is removed at least
from a portion of each of the first microfluidic paths
located between the corresponding first opening and
third microfluidic path,

- conducting at least one measure on each of the at
least two liquid samples by means of the correspond-
ing at least one electrochemical sensor, in a sub-
stantially simultaneous manner, and

- extracting the first openings out of the corresponding
liquid samples before or after conducting the meas-
ures, but before applying a negative pressure in the
general housing through the first general opening to
transfer the predefined volume of the liquid samples
from each of the detection chambers into the corre-
sponding waste chambers.

[0030] As previously mentioned, the implementation
of the measuring methods according to the present in-
vention, in connection with a microfluidic sensing device
or cartridge as stated above, allows successive meas-
ures of different liquid samples to be carried out with a
same disposable microfluidic sensing device or cartridge
without any risk of cross-contamination.
[0031] According to a preferred embodiment, the
methods may further comprise a calibration step for cal-
ibrating the electrochemical sensor(s).
[0032] According to another preferred embodiment,
the methods may further comprise a rinsing step of at
least the first microfluidic path, respectively each of the
at least two first microfluidic paths, before immersing the
first opening in a liquid sample, respectively before im-
mersing the first opening of each of the at least two mi-
crofluidic sensing devices in a corresponding of the at
least N liquid samples, preferably by circulation of a buffer
solution.
[0033] On a general basis, application of the negative

5 6 



EP 3 791 956 B1

5

5

10

15

20

25

30

35

40

45

50

55

and positive pressures through the second and third
openings, respectively first and second general open-
ings, may be implemented by means of a single pneu-
matic mechanism, in association with a valve.
[0034] Typically, the measuring method according to
the preceding features might preferably be applied to pre-
defined molecules within a cell culture media, more pref-
erably to glucose or lactose.

Brief description of the drawings

[0035] Further details of the invention will appear more
clearly upon reading the description below, in connection
with the following figures which illustrate:

- Fig. 1: schematic illustration of an exemplary em-
bodiment of a microfluidic sensing device according
to a preferred embodiment of the present invention;

- Fig. 2: schematic illustration of an exemplary em-
bodiment of a microfluidic sensing cartridge compris-
ing a plurality of microfluidic sensing devices accord-
ing to Fig. 1;

- Figs. 3a-3g: schematic views illustrating successive
steps of a measuring method implementing the mi-
crofluidic sensing device of Fig. 1, according to a
preferred embodiment of the present invention;

- Figs. 4a and 4b: simplified perspective views, from
two opposite sides, of an exemplary actual imple-
mentation of a microfluidic sensing cartridge accord-
ing to the present invention.

Embodiments of the invention

[0036] The present invention relates to a disposable
microfluidic sensing device for conducting successive
analysis on liquid samples without any risk of cross-con-
tamination. This device can take the form of a single unit
or device, adapted to conduct measures on one liquid
sample at a time, or it can take the form of a cartridge
comprising two or more single units, preferably eight,
adapted to conduct simultaneous measures at a time in
connection with as many liquid samples as there are sin-
gle units.
[0037] Same numerical references might be used for
designating same components in different drawings in
order to simplify the present disclosure of the invention
and ease its understanding.
[0038] The general principle of the invention will now
be explained in connection with a simple exemplary unit
or device, as schematically illustrated on Fig. 1.
[0039] The microfluidic sensing device 1 according to
a preferred exemplary embodiment of the present inven-
tion comprises a housing 2 including a main plate 4 hav-
ing first and second sides 6 and 8, preferably sealed by
sealing plates (visible in Fig. 4a and 4b).
[0040] The main plate 4 has here a general parallele-
piped shape with a tip 10 extending from a border, and
is provided with a plurality of recesses defining different

components of the microfluidic sensing device 1.
[0041] More particularly, a first opening 12 is arranged
at the end of the tip 10 to define an inlet and/or an outlet
for a liquid sample, a first microfluidic path 14 connecting
the first opening 12 to an additional recess defining a
detection chamber 16.
[0042] A second microfluidic path 18 is provided to con-
nect the detection chamber 16 to a second opening 20
of the housing 2, this second opening 20 being designed
to allow the application of a negative and/or a positive
pressure in the housing 2 through the second microfluidic
path 18, as will be described further in more detail.
[0043] In the direction from the detection chamber 16
to the second opening 20, the second microfluidic path
18 is further provided with a first additional recess defin-
ing a waste chamber 22 and with a first restriction organ
24 for restricting the circulation of fluids through the sec-
ond microfluidic path 18.
[0044] A third microfluidic path 26 is provided to con-
nect a third opening 28 to the first microfluidic path 14
through a second restriction organ 30, for restricting the
circulation of fluids through the third microfluidic path 26.
[0045] The third opening 28 is also designed to allow
the application of a negative and/or a positive pressure
in the housing 2 through the third microfluidic path 26,
as will be described further in more detail.
[0046] An electrochemical sensor 32 is provided in the
detection chamber 16, in order to conduct measures on
liquid samples, as well as at least one electrically con-
ducting track 34 intended to be connected to a measuring
apparatus 36 through an adapted physical interface 38,
so that the electrical signals generated by the electrome-
chanical sensor 32 can be computed into measuring val-
ues, in a well-known manner.
[0047] A well 40 is further illustrated in Fig. 1, which
contains a liquid sample to be measured by the micro-
fluidic sensing device 1, the tip 10 being immersed in the
liquid sample so as to transfer a part of it to the detection
chamber 16. The well 40 might advantageously be sup-
ported by a mobile support 42 which might be elevated
or lowered so as to immerse the tip 10 in the liquid sample
or get the tip 10 out of the liquid sample without any need
to move the microfluidic sensing device 1.
[0048] A pneumatic mechanism 44 is also schemati-
cally illustrated, here connected to both second and third
openings 20 and 28, in order to apply negative and/or
positive pressure in the housing 2 when required. A valve
46 might be advantageously provided between the pneu-
matic mechanism 44 and the third opening 28 so that a
pressure can be applied within the housing 2 through the
second opening 20 exclusively, as will be explained fur-
ther. Alternatively, two distinct and independent pneu-
matic mechanisms might be connected to the second
and third openings 20 and 28 without going beyond the
scope of the present invention.
[0049] Fig. 2 schematically illustrates a microfluidic
sensing cartridge 100 according to an exemplary pre-
ferred embodiment of the present invention.
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[0050] Advantageously, this cartridge 100 includes at
least two, here eight, microfluidic sensing devices 1 as
described above gathered within a same general housing
102.
[0051] All the sensing devices 1 are preferably ar-
ranged substantially parallel to each other such that their
tips 10 are aligned and can be immersed simultaneously
in eight corresponding wells of a standard 96-well cell
culture plate 104.
[0052] If it is obviously advantageous to manufacture
all the main plates 4 of all the devices 1 so that they are
gathered altogether in a single general main plate 106,
but the one skilled in the art may implement any other
arrangement without going beyond the scope of the
present invention.
[0053] Further, it is also preferable to provide a first
distribution channel 108 arranged simultaneously in
communication with all the second openings 20 of all the
devices 1, as well as a second distribution channel 110
arranged simultaneously in communication with all the
third openings 28 of all the devices 1. Thanks to these
two distribution channels, one pneumatic mechanism 44
can be used only, as is the case with a single microfluidic
sensing device 1, and be connected to both a first general
opening 112 of the first distribution channel 108 and a
second general opening 114 of the second distribution
channel 110. It is preferable to provide a valve 46 in the
case of a single pneumatic mechanism 44, as explained
above.
[0054] Electrically conducting tracks 34 are preferably
arranged to connect all of the electrochemical sensors
32 to a single measuring apparatus 36 through a single
physical interface 38, so that the electrical signals gen-
erated by all the electromechanical sensors 32 can be
computed into measuring values, in a well-known man-
ner.
[0055] Next, a preferred embodiment of a measure-
ment method based on the implementation of a micro-
fluidic sensing device 1 will be described thanks to the
illustrations of Figs. 3a to 3g, schematically showing
chronological steps of the method.
[0056] First, as illustrated in Fig. 3a, the pneumatic
mechanism 44 is connected to the second and third open-
ings 20 and 28 so as to be able to apply negative and/or
pressure in the housing 2.
[0057] The measuring apparatus 36 is also connected
to the electrochemical sensor 32, through the interface
38, so that the results of the measures can be analysed.
[0058] If necessary, the measurement method can
start with a preliminary calibration step and/or a rinsing
step for preparing the device 1 for the measures.
[0059] Then, the tip 10 of the device 1 can be immersed
in the liquid sample stored in the well 40, either by low-
ering the device 1 or, preferably, by elevation of the mo-
bile support 42 until the first opening 12 arranged in the
tip 10 is immersed in the liquid sample, as illustrated in
Fig. 3b.
[0060] The pneumatic mechanism 44 is actuated next,

to apply a negative pressure in the housing 2, as sche-
matically illustrated by means of arrows.
[0061] Different alternate embodiments can be imple-
mented here without going beyond the scope of the in-
vention. According to a preferred embodiment, a same
pneumatic mechanism 44 is connected to both openings
20 and 28, but the corresponding restriction organs 24
and 30 have different fluidic resistance values, such that
the fluidic resistance of the second microfluidic path 18
is higher than that of the third microfluidic path 26. For
instance, the second restriction organ 30 may have a
fluidic resistance which is at least 2 times lower, more
preferably at least 5 times lower, than the fluidic resist-
ance of the first restriction organ 24. Alternately, as pre-
viously mentioned, it is also possible to provide two dis-
tinct and independent pneumatic mechanisms so that
different pressures can be applied respectively in the sec-
ond microfluidic path 18 and in the third microfluidic path
26.
[0062] Coming back to Fig. 3c, the applied negative
pressure implies a transfer of the liquid sample essen-
tially along a first portion of the first microfluidic path 14
and then along the third microfluidic path 26.
[0063] However, a part of the liquid sample reaching
the junction area of the third microfluidic path 26 with the
first microfluidic path 14 is transferred further along the
first path 14, in the direction to the detection chamber 16,
as the result of the application of capillary forces, and the
negative pressure applied by the pneumatic mechanism
44 in the housing 2, in combination with these capillary
forces.
[0064] The negative pressure is applied until the de-
tection chamber 16 is filled in with a predefined volume
of the liquid sample.
[0065] Once the required predefined volume of the liq-
uid sample is in the detection chamber 16, a positive
pressure is applied in the housing 2 by appropriate ac-
tuation of the pneumatic mechanism 44, as illustrated by
means of arrows in Fig. 3d.
[0066] Here again, most of the applied pressure is
transferred to the liquid sample which is present within
the housing 2 of the device 1 through the third microfluidic
path 26 as far as its fluidic resistance is lower than that
of the second microfluidic path 18. In the case of two
independent pneumatic mechanisms, only the one which
is connected to the third opening 28 might be actuated
to apply a positive pressure in the third microfluidic path
26.
[0067] The applied pressure results in pushing the vol-
ume of the liquid sample in excess back to the well 40.
More precisely, all of the liquid sample that was in the
third microfluidic path 26 and in the portion of the first
microfluidic path 14 located between the first opening 12
and the junction with the third microfluidic path 26 is re-
moved by being pushed back into the well 40.
[0068] Only a minor part of the liquid sample located
in the first microfluidic path 14, between the junction with
the third microfluidic path 26 and the detection chamber
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16, may possibly stay in the housing 2 without being
sensed by the electrochemical sensor 32.
[0069] The difference between the respective fluidic
resistances of the second microfluidic path 18 and of the
third microfluidic path 26 is such that the volume of the
liquid sample in the detection chamber 16 remains virtu-
ally unchanged during application of the positive pres-
sure.
[0070] After the excess volume of the liquid sample is
removed from the housing 2, the tip 10 can be extracted
out of the well 40, advantageously by lowering the mobile
support 42, and the measure(s) by the electrochemical
sensor 32 can take place, as illustrated in Fig. 3e.
[0071] Once the measure(s) is/are completed, the pre-
defined volume of the liquid sample can be pulled out of
the detection chamber 16 to be transferred into the waste
chamber 22, by application of a negative pressure within
the second microfluidic path 18, as schematically illus-
trated in Fig. 3f. To ensure that this negative pressure
applies to the content of the second microfluidic path 18,
the valve 46 is closed, so that no negative pressure is
applied in the third microfluidic path 26. In the case of
two independent pneumatic mechanisms, only the one
connected to the second opening 20 would be actuated
to apply a negative pressure in the second microfluidic
path 18.
[0072] Once the detection chamber 16 is empty again,
a new cycle can start as illustrated in Fig. 3g and the
valve 46 can be re-opened.
[0073] If necessary, a calibration step and/or a rinsing
step for preparing the microfluidic sensing device 1 for
the next measures can be carried out.
[0074] When the microfluidic sensing device 1 is ready
for the next measuring operation, the tip 12 can be im-
mersed in a new liquid sample to start a new cycle as
described as from Fig. 3b.
[0075] As far as the microfluidic sensing cartridge 100
of Fig. 2 is concerned the same measuring method can
be implemented and it will thus not be described here in
detail.
[0076] As visible in Fig. 2, the pneumatic mechanism
44 and the valve 46 are connected to the first general
opening 112 of the first distribution channel 108 and to
the second general opening 114 of the second distribu-
tion channel 110. Consequently, when the above de-
scribed measurement method is implemented in connec-
tion with a cartridge 100 instead of the microfluidic sens-
ing device 1, the first general opening 112 plays the role
of the second opening 20 and the second general open-
ing 114 plays the role of the third opening 28.
[0077] Generally, the measurement method imple-
mented in connection with a cartridge allows N simulta-
neous measures to take place, N being equal to the
number of microfluidic sensing devices 1 included in the
cartridge under consideration.
[0078] For instance, a cartridge 100 comprising eight
devices 1 can be used to simultaneously conduct meas-
ures on eight different liquid samples. Thus, twelve suc-

cessive measurement cycles would be necessary to an-
alyse all 96 liquid samples of a standard 96-well cell cul-
ture plate 104.
[0079] It appears from what precedes that the present
invention has several advantages with respect to prior
microfluidic sensing devices.
[0080] In particular, there is no loss of liquid sample in
a dead volume of the housing. Any liquid that is not used
in the detection chamber 16 can be returned to the orig-
inal sample without contamination. This concerns, in par-
ticular, the dead volume between the first opening 12 and
the detection chamber 16. This possibility is enabled by
the provision of the third microfluidic path 26 connecting
the pneumatic mechanism 44 to the first opening 12.
Through this connection, which bypasses the waste
chamber 22 and the detection chamber 16, the dead vol-
ume which has not been in contact with the electrochem-
ical sensor 32 can be transferred back into the original
sample.
[0081] Further, the design of the device 1 facilitates
the parallelization of multiple units avoiding partial filling
or unnecessary waste. This is again provided by the third
microfluidic path 26. If this third path 26 did not exist and
the device had only single fluidic paths going from the
first opening 12 to the detection chamber 16, and from
the detection chamber 16 to the second opening 20
through the waste chamber 22, and this was implement-
ed for several devices 1 distributed in parallel and being
all connected to the same pneumatic mechanism 44,
then small differences in the fluidic resistances of the
different devices would translate into varying filling rates
of the corresponding detection chambers 16. At some
point the devices 1 with lower fluidic resistance would be
already transferring liquid into the waste chamber 22
while the detection chambers 16 in the high-resistance
devices 1 would be still partially filled. The result would
be, again, a waste of sample. According to the design of
the invention, the detection chamber 16 is filled from the
liquid drawn into the last portion of the first microfluidic
path 14 by capillary forces combined with some negative
pressure applied through the second microfluidic path
18. In a parallel configuration, the third microfluidic paths
26, which have a reduced fluidic resistance compared to
the second microfluidic paths 18 connected to the detec-
tion chambers 16 can get all filled in parallel by the neg-
ative pressure applied directly through the third opening
28 and through the second distribution channel 110.
From there the liquid spreads into the detection cham-
bers 16 at different rates, but without waste. Indeed, the
negative pressure applied through the first distribution
channel 108 and the second microfluidic paths 18 is not
strong enough to draw the liquid from the detection cham-
ber 16 into the waste chamber 22. For this, the restriction
organs 24 behind the waste chambers 22 are made more
constraining than the restriction organs 30 provided in
the third microfluidic paths 26. The third microfluidic paths
26 of the different devices 1 will be more or less filled by
the common negative pressure applied to the second
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distribution channel 110. The rates at which the detection
chambers 16 get filled will vary from device to device,
but at some point they will all be completely filled without
having lost any volume into the waste chambers 22. The
different dead volumes that were left in the third micro-
fluidic paths 26 are restituted to the wells 40 and only the
volume of the detection chamber 16 will have been ex-
tracted from each of the liquid samples, regardless of the
differences in fluidic resistance of the different devices.
[0082] The sensing device 1 exhibits a limited risk of
cross-contamination of liquid samples thanks to evacu-
ation of the measured liquid into the waste chamber 22,
which can advantageously feature a wicking pad which
retains the liquid by capillary forces. The risk of cross-
contamination is further lowered thanks to the fact that
the liquid paths into and out of the detection chamber 16
are distinct (no reversing of liquid flow).
[0083] Moreover, the operation of the device 1 is sim-
plified with respect to that of prior art devices as far as it
is not necessary to move the device 1 to an external
waste flask after each measurement as must be done
with a device having a single opening as sample inlet-
outlet paths.
[0084] Figs. 4a and 4b illustrate an actual exemplary
preferred embodiment of a microfluidic sensing cartridge
100 comprising eight microfluidic sensing devices 1, as
previously described.
[0085] The cartridge 100 comprises a general main
plate 106 having eight sets of identical recesses, some
of which are arranged on a first side 116 of the plate 106,
the others being arranged on the second side 118 of the
plate 106.
[0086] More precisely, in each unit, a first microfluidic
path 14 emerges from the end of a tip 10 in the first side
116, next to a detection chamber 16. A third microfluidic
path 26 is also arranged on the first side 116 and com-
municates with the first microfluidic path 14.
[0087] A first through hole 120 links the detection
chamber 16 to a waste chamber 22 arranged on the sec-
ond side 118 of the general main plate 106. A second
microfluidic path 18 extends then from each waste cham-
ber 22 to a first distribution channel 108, through a first
restriction organ 24. The first distribution channel 108
then extends through the general main plate 106 to a first
general opening 112 intended to be connected to a pneu-
matic mechanism.
[0088] A second through hole 122 links each portion
of the third microfluidic path 26 arranged on the first side
116 of the general main plate 106 to another portion of
the third microfluidic path 26 arranged on the second side
118 and comprising in particular a second restriction or-
gan 30 before connecting to a second distribution chan-
nel 110 which extends through the general main plate
106 to a second general opening 114, also intended to
be connected to a pneumatic mechanism.
[0089] According to this preferred exemplary embodi-
ment, both first and second restriction organs 24 and 30
include a meander shaped channel having a reduced

cross-section with respect to a mean cross-section of the
corresponding microfluidic path.
[0090] As previously mentioned, a wicking pad 124 is
preferably arranged in each waste chamber 22 in order
to avoid any leakage of the waste liquids.
[0091] Finally, a sealing plate 126 is used to seal the
first side 116 of the cartridge 100, this sealing plate pref-
erably having at least one electrochemical sensor 32
printed for each unit 1 as well as a required number of
electrically conducting tracks 34 (not visible in Figs. 4a
and 4b), the electrochemical sensors 32 being located
so as to be aligned with the corresponding detection
chambers 16 of the first side 116.
[0092] A simple cover plate 128 is used to seal the
second side 118 of the cartridge 100.
[0093] Alternatively, the waste chambers 22 could be
on the first side 116 of the general main plate 106, holding
the wicking pads 124, such that the second side 118
could be realized without any tape or cover plate 128 to
close off.
[0094] Furthermore, calibration, washing/rinsing and
storage solutions could be stored directly in the cartridge
in liquid reservoirs e.g. blisters, pouches, syringes or any
other storage vessel (not illustrated) without going be-
yond the scope of the present invention.
[0095] The general main plate 106 can advantageous-
ly be made of bio compatible plastic and designed to be
injected molded, hot embossed, manufactured by addi-
tive manufacturing, milled, cast or any other known man-
ufacturing method. The main microfluidic paths may pref-
erably have cross sections of 1mm by 0.5mm. The chan-
nels in the restriction organs 24, 30 however have cross
sections of about 0.4mm by 0.2mm or smaller. The length
of the first restriction organ 24 may be in the order of
140mm while that of the second restriction organ may be
in the order of 60mm. The meander channel of the first
restriction organ 24 may be by purpose about the double
of the length of that of the second restriction organ 30 in
order to increase the flow resistance in the second mi-
crofluidic path 18 if a same pneumatic mechanism 44 is
connected to both second and third openings 20 and 28.
If two individual pneumatic actuators would be used, the
restrictions of the two flow paths could be similar. Instead
of having long channels, the restriction organs could have
shorter channels but narrower cross sections as e.g. a
tiny capillary, a foam like structure or any other structure
and/or material which results in a similar flow resistance.
[0096] With the above mentioned restriction organ de-
sign, aqueous media can be analyzed. For higher viscous
media, the flow resistances of the flow restriction organs
have to be increased proportionally.
[0097] The detector chamber 16 may have a width of
about 4mm and a depth of 0.23mm to hold 5ul sample.
The tips 10 may generally have a length between 1 and
30mm, preferably between 6 and 10mm, but can be cus-
tomized to any other length.
[0098] The waste chamber 22 to hold the analyzed me-
dia is designed to hold about 400ul but can be customized
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to any other size. This 400ul volume allows to perform
more than 40 measurements before the waste chamber
22 is full.
[0099] The sealing plate 126 for the first side 116, or
sensor foil, may advantageously be a heat-stabilized
PET foil with printed sensing electrodes and electrical
connections and/or tracks. The sensing electrodes can
be made of a functional printing method such as screen
printing, inkjet printing, aerosol jet printing, offset- or gra-
vure printing.
[0100] The sensing electrodes must then be function-
alized in several steps to later measure the appropriate
molecule e.g. sense glucose. Electrochemical sensing
is a versatile and efficient tool for multi-parametric anal-
ysis within different cell culture media.
[0101] All the sensors mentioned here can be prepared
using a screen printing technology. Molecules that can
be sensed using the electrochemical sensors include,
but are not restricted to, glucose, lactate, uric acid, pH,
K+, Na+ and other small ions.
[0102] Corresponding examples of functionalization
protocols follow.

Amperometric EC sensors (e.g. glucose, lactate, uric ac-
id):

[0103] These sensors are prepared with at least one
layer, where the relevant enzyme is trapped. Additional
layers for mediators, stabilization agents, covering layers
etc. may be necessary for an optimal sensor response.
The layer(s) are in general applied on the working elec-
trode by drop casting.

Ion EC sensors:

[0104] For the fabrication of these sensors, a selective
membrane specific for the ion of interest has to be im-
mobilized on the working electrode surface of the screen
printed electrode. This selective membrane is usually
prepared as a mix of:

+ organic solvent
+ plasticizer(s)
+ lonophore (the molecule that selectively bounds to
the ion of interest)

[0105] The mixture solution (specific for the ion to be
monitored) is then applied on the working electrode by
drop casting.
[0106] As far as the cover plate 128 is concerned, it
may be a foil with an adhesive layer on one side. It can
be cut using water jet, laser, die cutting, scissors, scalpel
or any other known method for structuring. The tape can
be transparent but also colored to prevent the view on
the internal structure.
[0107] The wicking pad material should absorb liquid
and provide enough liquid retention to overcome the cap-
illary forces by the second microfluidic path 18 and the

detection chamber 16. The material may be a blotting
paper (e.g. Thermofisher Scientific LC2008) with a vol-
ume of 400ul. It can be cut using water jet, laser, die
cutting, scissors, scalpel or any other known method for
structuring.
[0108] As far as the overall assembly is concerned, the
sealing plate 126 is preferably glued onto the general
main plate 106, by means of applying a biocompatible
glue (Loctite 3211) on one or both sides of the elements
by means of printing or coating. The glue is UV-
crosslinked from the back side of the sensor once the
two elements are assembled. Alternate implementations
are of course possible here, like for instance using a
structured double adhesive tape instead of the glue, with-
out going beyond the scope of the present invention.
[0109] Next, the wicking pads are inserted into the
waste chambers 22 arranged in the second side 118 of
the general main plate 106 which is then closed off with
the cover tape 128.
[0110] Then the whole assembly may be vacuum
packed and stored at 4°C.
[0111] Finally, the packed assembly is preferably gam-
ma sterilized between 25k and 30kGy (Synergy Health
Däniken AG).
[0112] Now, a detailed example will be disclosed in an
illustrative and non-limiting manner. This detailed exam-
ple relates to the manufacture of a microfluidic cartridge
100 corresponding to the previous description as well as
to its use to conduct measures on liquid samples.
[0113] The general main plate 106 was 3D printed us-
ing the Miicraft 100X and the biocompatible resin MDP.
After cleaning and UV curing the scaffold was removed
and the sensing chambers hydrophilized using OptoDex
(Trademark) technology (information can be found here:
https://www.csem.ch/optodex).
[0114] The wicking pads 124 are laser cut from a larger
sheet of blotting paper (Thermofisher Scientific LC2008).
After the wicking pads 124 are put into the waste cham-
bers 22 of the general main plate 106, the cover plate
128 (CSEM C150) is laminated onto it and cut.
[0115] The sealing plate 126 is a heat-stabilized PET
foil with printed electrochemical sensors 32 including the
above mentioned sensing electrodes and electrical con-
nections or tracks 34. The sensing electrodes are made
through a functional printing method such as screen print-
ing, inkjet printing, aerosol jet printing, offset- or gravure
printing. Each of the electrochemical sensors 32 com-
prises three functional electrodes of which one is a ref-
erence electrode made of Ag:AgCl, which may be coated
with a electrolyte containing polymer or hydrogel, the sec-
ond electrode being a counter electrode made of an elec-
trically conductive material and the third electrode being
a working electrode made of electrically conductive car-
bon gold, or platinum. Furthermore, an opaque and high
viscous dielectric paste is printed around the sensing ar-
ea in order to define the sensing electrodes and to shield
the UV light for the subsequent glueing process. An in-
sulation dielectric paste is printed on the remaining sens-
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ing foil to protect the electrical leads from the sensing
liquid. The electrochemical sensors 32 are then function-
alized in several steps to later measure the appropriate
molecule e.g. sense glucose. Then the sealing plate 126,
or sensor foil, is glued onto the general main plate 106,
by means of applying a biocompatible glue (Loctite 3211)
on one or both sides of the elements by means of printing
or coating. The glue is UV-crosslinked from the back side
of the sensor once the two elements are assembled.
Then the whole assembly is vacuum packed and stored
at 4°C.
[0116] Finally, the packed assembly is gamma steri-
lized between 25k and 30kGy (Synergy Health Däniken
AG).
[0117] As far as the setup is concerned, a syringe (cur-
rently 20ml) with two tubings (currently Semadeni 4349)
and one pinch valve (currently Semadeni 616) is con-
nected to the cartridge 100 at the first and second general
openings 112, 114. Instead of a syringe actuator, any
other kind of pneumatic actuator as e.g. a bi-directional
pump arrangement could be used. Additionally, a flexible
circuit board (FCB) connector (playing the role of the
physical interface 38) is slid over the electrical connec-
tions of the sealing plate 126. The other end of the FCB
connector is mounted on a multiplex reader (Palmsens
MultiStat and MUX8) which is connected via USB to a
computer having installed the appropriate software for
the reader. The well plate 104 is positioned on a lift table
42 (for instance Lab jack SwissBoy 110). This way the
penetration depth of the tips 10 can be well controlled
and repeated e.g. using an alignment mark on the lift
table’s knob. Alternatively, the well plate 104 could be
fixed and the cartridge 100 mounted on an YZ-stage.
[0118] As already explained, the cartridge 100 is de-
signed to be able to pneumatically aspirate a liquid sam-
ple through all the tips 10 in parallel (i.e. simultaneously).
Therefore, all tips 10 have to be in contact with the culture
media of a standard reservoir as e.g. a 96 well plate 104
or any other format or arrangement.
[0119] The suction is performed with a syringe (cur-
rently 20ml) or any other air pump which is connected to
the fluidic connection ports (first and second general
openings 112, 114). The second general opening 114
connects towards the second distribution channel 110,
while the first general opening 112 connects towards the
end of the detection chambers 16, via the first distribution
channel 108. Additionally, a manual pinch valve 46 is
placed onto the tubing connecting the second general
opening 114. The aspirated liquid volume is about 10ul
(derived from the design file). While the liquid is aspirated,
the detection chamber 16 (volume of 5ul) fills via pneu-
matic and capillary forces using the hydrophilic property
of the sensing cavity.
[0120] As soon as the detection chambers 16 are full,
the aspiration can be stopped and the dispensing of the
remaining liquid (about 5ul derived from the design file)
back into the well plate 104 can be initiated. Because this
part of the liquid was never in contact with the sensors

32 (cavity) it will not alter the cell culture. Alternatively,
this part of the liquid could also be kept in the cartridge
100 and finally be moved to the on-cartridge waste cham-
bers 22 after the measurement.
[0121] The cartridge 100 is then removed from the mul-
ti well plate 104 (by lowering the lift table 42) to perform
the measurement before a final aspiration is started to
empty the detection chambers 16 into the on-cartridge
waste chambers 22 by closing the pinch valve 46 and
apply suction only to the detection chambers 16 to empty
them. In the waste chambers 22 the wicking pads 124
are designed with a volume of 423ul and can hold up to
400ul of liquid (measured with a balance). To support the
parallel actuation of all channels, air restriction organs
24 and 30 after the detection chambers 16 and the third
microfluidic path 26 compensate from minor differences
between the microfluidic paths. The differences might
come from manufacturing, the assembly or the fluid (im-
purities which might partially obstruct the flow).
[0122] As far as the performance of a quantification of
glucose in cell culture is concerned, the sensors 32 re-
quire a first 3-point-calibration and afterwards for each
measurement a 1-point-calibration to compensate for
signal losses due to altering. In between each measure-
ment a wash solution is used to clean the paths/channels
and detection chambers 16. These operations are stand-
ard and the one skilled in the art will encounter no difficulty
to select appropriate solutions and implementation con-
ditions as a function of his specific needs without going
the scope of the invention. Our cell culture was performed
in DMEM+10%FBS+1% PenStrp but could also be done
in different media also containing no FBS or PenStrp.
[0123] For each calibration, wash or measurement
step, the well plate 104 containing the liquid/cell culture
is moved up by the lift table 42 towards the cartridge 100.
As soon as the tips 10 are in contact with the liquid sam-
ples, the latter is aspirated until the detection chambers
16 are filled with the liquid. The excessive volumes of
liquid samples can then be returned by dispensing. Be-
fore a first air bubble forms at the tips 10, the well plate
104 is lowered using the lift table 42. At this point the
measurement can be initiated on the computer. Current-
ly, the sensors 32 are subsequently readout each for 30
seconds. Alternately, the sensors 32 might be readout
simultaneously. Then, the pinch valve 46 is closed and
the liquid in the detection chambers 16 is aspirated into
the waste chambers 22. Finally, the pinch valve 46 is
opened again and the cartridge 100 is ready for another
cycle.
[0124] The present invention provides a simple man-
ufacturing method for obtaining a low cost and disposable
microfluidic sensing device with a great designing free-
dom, allowing the manufacture of two or more parallel
units, and at the same time allowing to carry out succes-
sive liquid sample analysis with no risk of cross-contam-
ination.
[0125] Although the invention has been described in
terms of particular embodiments, various modifications
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are possible without departing from the scope of the in-
vention as defined in the appended claims.

Claims

1. A microfluidic sensing device (1), for conducting
measures on liquid samples, comprising a housing
(2) having:

- a first opening (12) defining an inlet and/or an
outlet for a liquid sample,
- a detection chamber (16) provided with at least
one electrochemical sensor (32),
- a first microfluidic path (14) connecting said
first opening (12) to said detection chamber (16),
such that said detection chamber (16) can be
filled in with a predefined volume of the liquid
sample so as to conduct at least one measure,
- a second opening (20) designed so as to allow
the application of a negative and/or positive
pressure within said housing (2),
- a second microfluidic path (18) connecting said
second opening (20) to said detection chamber
(16),
- a third opening (28) designed so as to allow
the application of a negative and/or positive
pressure within said housing (2),
- a third microfluidic path (26) connecting said
third opening (28) to said first microfluidic path
(14),

wherein the device (1) further comprises:

- a waste chamber (22) arranged in said second
microfluidic path (18), between said second
opening (20) and said detection chamber (16),
- a first restriction organ (24) having a predefined
fluidic resistance and arranged in said second
microfluidic path (18), between said second
opening (20) and said waste chamber (22), so
as to restrict the fluid flow in said second micro-
fluidic path (18), and
- a second restriction organ (30) having a pre-
defined fluidic resistance and arranged in said
third microfluidic path (26) so as to restrict the
fluid flow therein.

2. Device (1) according to claim 1, wherein said second
restriction organ (30) has a fluidic resistance which
is at least 2 times lower, more preferably at least 5
times lower, than the fluidic resistance of said first
restriction organ (24).

3. Device (1) according to claim 1 or 2, wherein at least
one of said first and second restriction organs (24,
30) includes a meander shaped channel having a
reduced cross-section with respect to a mean cross-

section of the corresponding microfluidic path (18,
26).

4. Device (1) according to any of the preceding claims,
wherein a wicking pad (124) is provided in said waste
chamber (22).

5. Device (1) according to any of the preceding claims,
wherein it comprises:

- a main plate (4) having a first side and a second
side (6, 8) at least one of which is provided with
at least one recess defining one or several items
from the group comprising: said first microfluidic
path (14), said second microfluidic path (18),
said third microfluidic path (26), said detection
chamber (16) and said waste chamber (22), and
- at least one sealing plate for sealing said at
least one recess and/or at least one of said first
and second sides (6, 8).

6. Device (1) according to claim 5, wherein said first
side (6) of said main plate (4) comprises a recess
defining said detection chamber (16), and wherein
said first side (6) is sealed by a sealing plate bearing
at least one electrically conducting track (34).

7. A microfluidic sensing cartridge (100), for conducting
at least two substantially simultaneous measures on
at least two liquid samples, comprising a general
housing (102) having

- at least two microfluidic sensing devices (1)
according to any of claims 1 to 6, as well as
- a first distribution channel (108) arranged in
communication with said second opening (20)
of each of said at least two microfluidic sensing
devices (1) and having a first general opening
(112) designed so as to allow the application of
a negative and/or positive pressure within said
first distribution channel (108), and
- a second distribution channel (110) arranged
in communication with said third opening (28) of
each of said at least two microfluidic sensing
devices (1) and having a second general open-
ing (114) designed so as to allow the application
of a negative and/or positive pressure within said
second distribution channel (110).

8. Cartridge (100) according to claim 7, having eight
microfluidic sensing devices (1) arranged with re-
spect to each other in such a way that all of said eight
corresponding first openings (12) are substantially
aligned.

9. Cartridge (100) according to claim 7 or 8, when it
comprises at least two microfluidic sensing devices
(1) according to claim 5 or 6, wherein all of said cor-
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responding main plates (4) are made as one piece
defining a first general side (116) and a second gen-
eral side (118).

10. Method for manufacturing a microfluidic sensing car-
tridge (100) according to claim 9, comprising the
steps consisting in:

- providing a general main plate (106) having at
least two sets of recesses for defining said first
microfluidic path (14), said second microfluidic
path (18), said third microfluidic path (26), said
detection chamber (16) and said waste chamber
(22) for each of said at least two microfluidic
sensing devices (1), one of said recesses being
provided in said first general side (116) for de-
fining said detection chamber (16) for each of
said at least two microfluidic sensing devices (1),
- providing a general sealing plate (126) bearing
at least an electrochemical sensor (32) as well
as at least one electrically conducting track (34)
for each of said at least two microfluidic sensing
devices (1),
- sealing said first general side (116) with said
general sealing plate (126), so as to arrange said
electrochemical sensors (32) substantially in
alignment with said corresponding detection
chambers (16),
- providing a general cover plate (128) for said
second general side (118), and
- sealing said second general side (118) with
said general cover plate (128).

11. A measurement method applied on at least one liquid
sample by implementation of a microfluidic sensing
device (1) according to any of claims 1 to 6, wherein
it comprises the steps consisting in:

- immersing said first opening (12) in a liquid
sample,
- applying a negative pressure in said housing
(2) at least through said third opening (28) until
said detection chamber (16) is filled in with a
predefined volume of the liquid sample,
- applying a positive pressure in said housing
(2) through said third opening (28) until any ex-
cessive part of the liquid sample is removed at
least from a portion of said first microfluidic path
(14) located between said first opening (12) and
said third microfluidic path (26),
- conducting at least one measure by means of
said at least one electrochemical sensor (32),
and
- extracting said first opening (12) out of the liquid
sample before or after conducting said at least
one measure, but before applying a negative
pressure in said housing (2) through said second
opening (20) to transfer said predefined volume

of the liquid sample from said detection chamber
(16) into said waste chamber (22).

12. A measurement method by implementation of a mi-
crofluidic sensing cartridge (100) according to any
of claims 7 to 9, the measurement being applied on
N liquid samples, N being equal to or being a multiple
of the number of microfluidic sensing devices (1) in
the microfluidic sensing cartridge (100), wherein it
comprises the steps consisting in:

- immersing said first opening (12) of each of
said at least two microfluidic sensing devices (1)
in a corresponding of said N liquid samples, in
a substantially simultaneous manner,
- applying a negative pressure in said general
housing (102) at least through said second gen-
eral opening (114) until said detection chamber
(16) of each of said at least two microfluidic sens-
ing devices (1) is filled in with a predefined vol-
ume of the corresponding liquid sample,
- applying a positive pressure in said general
housing (102) through said second general
opening (114) until any excessive part of the liq-
uid samples is removed at least from a portion
of each of said first microfluidic paths (14) locat-
ed between said corresponding first opening
(12) and third microfluidic path (26),
- conducting at least one measure on each of
the at least two liquid samples by means of said
corresponding at least one electrochemical sen-
sor (32), in a substantially simultaneous man-
ner, and
- extracting said first opening (12) of each of said
at least two microfluidic sensing devices (1) out
of the corresponding liquid samples before or
after conducting said at least one measure, but
before applying a negative pressure in said gen-
eral housing (102) through said first general
opening (112) to transfer the predefined volume
of the liquid samples from each of said detection
chambers (16) into said corresponding waste
chambers (22).

13. Method according to claim 11 or 12, further compris-
ing a calibration step for calibrating said electro-
chemical sensor (32) or each of said at least two
electrochemical sensors (32).

14. Method according to any of claims 11 to 13, further
comprising a rinsing step of at least said first micro-
fluidic path (14), respectively each of said at least
two first microfluidic paths (14), before immersing
said first opening (12) in a liquid sample, respectively
before immersing said first opening (12) of each of
said at least two microfluidic sensing devices (1) in
a corresponding of said at least N liquid samples,
preferably by circulation of a buffer solution.
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15. Method according to any of claims 11 to 14, wherein
application of said negative and positive pressures
through said second and third openings (20, 28), re-
spectively first and second general openings (112,
114), is implemented by means of a single pneumatic
mechanism (44), in association with a valve (46).

16. Method according to any of claims 11 to 15, wherein
it is applied at least to a measurement relating to
predefined molecules within a cell culture media.

17. Method according to claim 16, wherein it is adapted
for conducting measures relating to glucose or lac-
tose.

Patentansprüche

1. Mikrofluidische Abtastvorrichtung (1) zum Vorneh-
men von Messungen an Flüssigkeitsproben, ein Ge-
häuse (2) umfassend, das Folgendes umfasst:

- eine erste Öffnung (12), die einen Einlass
und/oder einen Auslass für eine Flüssigkeitspro-
be definiert,
- eine Erkennungskammer (16), die mit mindes-
tens einem elektrochemischen Sensor (32) ver-
sehen ist,
- einen ersten mikrofluidischen Weg (14), der
die erste Öffnung (12) mit der Erkennungskam-
mer (16) verbindet, sodass die Erkennungskam-
mer (16) mit einem vordefinierten Volumen der
Flüssigkeitsprobe gefüllt werden kann, um min-
destens eine Messung vorzunehmen,
- eine zweite Öffnung (20), die derart gestaltet
ist, dass das Anlegen eines negativen und/oder
positiven Drucks in dem Gehäuse (2) ermöglicht
wird,
- einen zweiten mikrofluidischen Weg (18), der
die zweite Öffnung (20) mit der Erkennungs-
kammer (16) verbindet,
- eine dritte Öffnung (28), die derart gestaltet ist,
dass das Anlegen eines negativen und/oder po-
sitiven Druck in dem Gehäuse (2) ermöglicht
wird,
- einen dritten mikrofluidischen Weg (26), der
die dritte Öffnung (28) mit dem ersten mikroflu-
idischen Weg (14) verbindet,

wobei die Vorrichtung (1) ferner Folgendes umfasst:

- eine Reststoffkammer (22), die in dem zweiten
mikrofluidischen Weg (18) zwischen der zweiten
Öffnung (20) und der Erkennungskammer (16)
angeordnet ist,
- ein erstes Beschränkungsorgan (24), das ei-
nen vordefinierten Fluidwiderstand aufweist und
in dem zweiten mikrofluidischen Weg (18) zwi-

schen der zweiten Öffnung (20) und der Rest-
stoffkammer (22) angeordnet ist, um den Fluid-
strom in dem zweiten mikrofluidischen Weg (18)
zu beschränken, und
- ein zweites Beschränkungsorgan (30), das ei-
nen vordefinierten Fluidwiderstand aufweist und
in dem dritten mikrofluidischen Weg (26) ange-
ordnet ist, um den Fluidstrom darin zu beschrän-
ken.

2. Vorrichtung (1) nach Anspruch 1, wobei das zweite
Beschränkungsorgan (30) einen Fluidwiderstand
aufweist, der mindestens zweimal kleiner, bevorzug-
ter mindestens fünfmal kleiner, als der Fluidwider-
stand des ersten Beschränkungsorgans (24) ist.

3. Vorrichtung (1) nach Anspruch 1 oder 2, wobei min-
destens eines des ersten und des zweiten Beschrän-
kungsorgans (24, 30) einen mäanderförmigen Kanal
beinhaltet, der im Verhältnis zu einem mittleren
Querschnitt des entsprechenden mikrofluidischen
Weges (18, 26) einen verringerten Querschnitt auf-
weist.

4. Vorrichtung (1) nach einem der vorhergehenden An-
sprüche, wobei in der Reststoffkammer (22) eine
Aufsaugeinlage (124) bereitgestellt ist.

5. Vorrichtung (1) nach einem der vorhergehenden An-
sprüche, wobei sie Folgendes umfasst:

- eine Hauptplatte (4) mit einer ersten Seite und
einer zweiten Seite (6, 8), von denen mindes-
tens eine mit mindestens einer Vertiefung ver-
sehen ist, die ein oder mehrere Elemente der
Gruppe definiert, die Folgendes umfasst: den
ersten mikrofluidischen Weg (14), den zweiten
mikrofluidischen Weg (18), den dritten mikroflu-
idischen Weg (26), die Erkennungskammer (16)
und die Reststoffkammer (22) und
- mindestens eine Dichtungsplatte zum Abdich-
ten der mindestens einen Vertiefung und/oder
mindestens einer der ersten und der zweiten
Seite (6, 8).

6. Vorrichtung (1) nach Anspruch 5, wobei die erste
Seite (6) der Hauptplatte (4) eine Vertiefung umfasst,
welche die Erkennungskammer (16) definiert, und
wobei die erste Seite (6) durch eine Dichtungsplatte
abgedichtet ist, die mindestens eine elektrische Lei-
terbahn (34) trägt.

7. Mikrofluidische Abtastkartusche (100) zum Vorneh-
men mindestens zweier im Wesentlichen gleichzei-
tiger Messungen an mindestens zwei Flüssigkeits-
proben, ein allgemeines Gehäuse (102) umfassend,
das Folgendes aufweist:
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- mindestens zwei mikrofluidische Abtastvor-
richtungen (1) nach einem der Ansprüche 1 bis
6 sowie
- einen ersten Verteilungskanal (108), der in Ver-
bindung mit der zweiten Öffnung (20) jeder der
mindestens zwei mikrofluidischen Abtastvor-
richtungen (1) angeordnet ist und eine erste all-
gemeine Öffnung (112) aufweist, die derart ge-
staltet ist, dass das Anlegen eines negativen
und/oder positiven Drucks in dem ersten Vertei-
lungskanal (108) ermöglicht wird, und
- einen zweiten Verteilungskanal (110), der in
Verbindung mit der dritten Öffnung (28) jeder
der mindestens zwei mikrofluidischen Abtast-
vorrichtungen (1) angeordnet ist und eine zweite
allgemeine Öffnung (114) aufweist, die derart
gestaltet ist, dass das Anlegen eines negativen
und/oder positiven Drucks in dem zweiten Ver-
teilungskanal (110) ermöglicht wird.

8. Kartusche (100) nach Anspruch 7, acht mikrofluidi-
sche Abtastvorrichtungen (1) aufweisend, die im
Verhältnis zueinander derart angeordnet sind, dass
alle der acht jeweiligen ersten Öffnungen (12) im We-
sentlichen aneinander ausgerichtet sind.

9. Kartusche (100) nach Anspruch 7 oder 8, wenn sie
mindestens zwei mikrofluidische Abtastvorrichtun-
gen (1) nach Anspruch 5 oder 6 umfasst, wobei alle
der jeweiligen Hauptplatten (4) als ein Stück gefertigt
sind, das eine erste allgemeine Seite (116) und eine
zweite allgemeine Seite (118) definiert.

10. Verfahren zum Herstellen einer mikrofluidischen Ab-
tastkartusche (100) nach Anspruch 9, die Schritte
umfassend, die aus Folgendem bestehen:

- Bereitstellen einer allgemeinen Hauptplatte
(106), die mindestens zwei Sätze von Vertiefun-
gen zum Definieren des ersten mikrofluidischen
Weges (14), des zweiten mikrofluidischen We-
ges (18), des dritten mikrofluidischen Weges
(26), der Erkennungskammer (16) und der Rest-
stoffkammer (22) für jede der mindestens zwei
mikrofluidischen Abtastvorrichtungen (1) auf-
weist, wobei eine der Vertiefungen in der ersten
allgemeinen Seite (116) zum Definieren der Er-
kennungskammer (16) für jede der mindestens
zwei mikrofluidischen Abtastvorrichtungen (1)
bereitgestellt wird,
- Bereitstellen einer allgemeinen Dichtungsplat-
te (126), die mindestens einen elektrochemi-
schen Sensor (32) sowie mindestens eine elek-
trische Leiterbahn (34) für jede der mindestens
zwei mikrofluidischen Abtastvorrichtungen (1)
trägt,
- Abdichten der ersten allgemeinen Seite (116)
mit der allgemeinen Dichtungsplatte (126) der-

art, dass die elektrochemischen Sensoren (32)
im Wesentlichen an den jeweiligen Erkennungs-
kammern (16) ausgerichtet angeordnet werden,
- Bereitstellen einer allgemeinen Deckplatte
(128) für die zweite allgemeine Seite (118) und
- Abdichten der zweiten allgemeinen Seite (118)
mit der allgemeinen Deckplatte (128).

11. Messverfahren, angewandt auf mindestens eine
Flüssigkeitsprobe durch Implementierung einer mi-
krofluidischen Abtastvorrichtung (1) nach einem der
Ansprüche 1 bis 6, wobei es die Schritte umfasst,
welche aus Folgendem bestehen:

- Eintauchen der ersten Öffnung (12) in eine
Flüssigkeitsprobe,
- Anlegen eines negativen Drucks auf das Ge-
häuse (2) mindestens durch die dritte Öffnung
(28), bis die Erkennungskammer (16) mit einem
vordefinierten Volumen der Flüssigkeitsprobe
gefüllt ist,
- Anlegen eines positiven Drucks auf das Ge-
häuse (2) durch die dritte Öffnung (28), bis ein
etwaiger überschüssiger Teil der Flüssigkeits-
probe zumindest aus einem Abschnitt des ers-
ten mikrofluidischen Weges (14) entfernt ist, der
sich zwischen der ersten Öffnung (12) und dem
dritten mikrofluidischen Weg (26) befindet,
- Vornehmen mindestens einer Messung mittels
des mindestens einen elektrochemischen Sen-
sors (32) und
- Herausziehen der ersten Öffnung (12) aus der
Flüssigkeitsprobe, vor oder nach dem Vorneh-
men mindestens einer Messung, jedoch vor
dem Anlegen eines negativen Drucks in dem
Gehäuse (2) durch die zweite Öffnung (20), um
das vordefinierte Volumen der Flüssigkeitspro-
be von der Erkennungskammer (16) in die Rest-
stoffkammer (22) zu überführen.

12. Messverfahren durch Implementierung einer mikro-
fluidischen Abtastkartusche (100) nach einem der
Ansprüche 7 bis 9, wobei die Messung auf N Flüs-
sigkeitsproben angewandt wird, wobei N gleich der
Anzahl der mikrofluidischen Abtastvorrichtungen (1)
in der mikrofluidische Abtastkartusche (100) oder ein
Vielfaches davon ist, wobei es die Schritte umfasst,
welche aus Folgendem bestehen:

- Eintauchen der ersten Öffnung (12) von jeder
der mindestens zwei mikrofluidischen Abtast-
vorrichtungen (1) in eine jeweilige der N Flüs-
sigkeitsproben in einer im Wesentlichen gleich-
zeitigen Weise,
- Anlegen eines negativen Drucks in dem allge-
meinen Gehäuse (102) mindestens durch die
zweite allgemeine Öffnung (114), bis die Erken-
nungskammer (16) von jeder der mindestens

25 26 



EP 3 791 956 B1

15

5

10

15

20

25

30

35

40

45

50

55

zwei mikrofluidischen Abtastvorrichtungen (1)
mit einem vordefinierten Volumen der jeweiligen
Flüssigkeitsprobe gefüllt ist,
- Anlegen eines positiven Drucks in dem allge-
meinen Gehäuse (102) durch die zweite allge-
meine Öffnung (114), bis ein etwaiger über-
schüssiger Teil der Flüssigkeitsprobe zumin-
dest aus einem Abschnitt von jedem der ersten
mikrofluidischen Wege (14) entfernt ist, die sich
zwischen der jeweiligen ersten Öffnung (12) und
dem dritten mikrofluidischen Weg (26) befinden,
- Vornehmen mindestens einer Messung an je-
der der mindestens zwei Flüssigkeitsproben
mittels des jeweiligen mindestens einen elektro-
chemischen Sensors (32) in einer im Wesentli-
chen gleichzeitigen Weise und
- Herausziehen der ersten Öffnung (12) von je-
der der mindestens zwei mikrofluidischen Ab-
tastvorrichtungen (1) aus den jeweiligen Flüs-
sigkeitsproben vor oder nach dem Vornehmen
mindestens einer Messung, jedoch vor dem An-
legen eines negativen Drucks in dem allgemei-
nen Gehäuse (102) durch die erste allgemeine
Öffnung (112), um das vordefinierte Volumen
der Flüssigkeitsproben von jeder der Erken-
nungskammern (16) in die jeweilige Reststoff-
kammer (22) zu überführen.

13. Verfahren nach Anspruch 11 oder 12, ferner einen
Kalibrierungsschritt zum Kalibrieren des elektroche-
mischen Sensors (32) oder jedes der mindestens
zwei elektrochemischen Sensoren (32) umfassend.

14. Verfahren nach einem der Ansprüche 11 bis 13, fer-
ner einen Schritt des Spülens von mindestens dem
ersten mikrofluidischen Weg (14) beziehungsweise
von jedem der mindestens zwei ersten mikrofluidi-
schen Wege (14) vor dem Eintauchen der ersten Öff-
nung (12) in eine Flüssigkeitsprobe beziehungswei-
se vor dem Eintauchen der ersten Öffnung (12) von
jeder der mindestens zwei mikrofluidischen Abtast-
vorrichtungen (1) in eine entsprechende der mindes-
tens N Flüssigkeitsproben, vorzugsweise durch Zir-
kulieren einer Pufferlösung, umfassend.

15. Verfahren nach einem der Ansprüche 11 bis 14, wo-
bei das Anlegen des negativen und des positiven
Drucks durch die zweite und die dritte Öffnung (20,
28) beziehungsweise die erste und die zweite allge-
meine Öffnung (112, 114) mittels eines einzelnen
pneumatischen Mechanismus (44) in Verbindung
mit einem Ventil (46) implementiert wird.

16. Verfahren nach einem der Ansprüche 11 bis 15, wo-
bei es mindestens auf eine Messung bezüglich vor-
definierter Moleküle in einem Zellkulturmedium an-
gewandt wird.

17. Verfahren nach Anspruch 16, wobei es zum Vorneh-
men von Messungen bezüglich Glucose oder Lac-
tose angepasst ist.

Revendications

1. Dispositif microfluidique de détection (1), pour réa-
liser des mesures sur des échantillons de liquide,
comprenant un boîtier (2) présentant :

- une première ouverture (12) définissant une
entrée et/ou une sortie pour un échantillon de
liquide,
- une chambre de détection (16) pourvue d’au
moins un capteur électrochimique (32),
- un premier chemin microfluidique (14) reliant
ladite première ouverture (12) à ladite chambre
de détection (16), de façon à permettre le rem-
plissage de ladite chambre de détection (16) par
un volume prédéfini de l’échantillon de liquide
de manière à réaliser au moins une mesure,
- une deuxième ouverture (20) conçue de ma-
nière à permettre l’application d’une pression
négative et/ou positive au sein du boîtier (2),
- un deuxième chemin microfluidique (18) reliant
ladite deuxième ouverture (20) à ladite chambre
de détection (16),
- une troisième ouverture (28) conçue de ma-
nière à permettre l’application d’une pression
négative et/ou positive au sein dudit boîtier (2),
- un troisième chemin microfluidique (26) reliant
ladite troisième ouverture (28) audit premier
chemin microfluidique (14),

le dispositif (1) comprenant en outre :

- une chambre à résidu (22) agencée dans ledit
deuxième chemin microfluidique (18), entre la-
dite deuxième ouverture (20) et ladite chambre
de détection (16),
- un premier organe de restriction (24) présen-
tant une résistance fluidique prédéfinie et agen-
cé dans ledit deuxième chemin microfluidique
(18), entre ladite deuxième ouverture (20) et la-
dite chambre à résidu (22), de manière à res-
treindre l’écoulement de fluide dans ledit deuxiè-
me chemin microfluidique (18), et
- un deuxième organe de restriction (30) présen-
tant une résistance fluidique prédéfinie et agen-
cé dans ledit troisième chemin microfluidique
(26) de manière à y restreindre l’écoulement de
fluide.

2. Dispositif (1) selon la revendication 1, dans lequel
ledit deuxième organe de restriction (30) présente
une résistance fluidique au moins 2 fois inférieure,
de préférence au moins 5 fois inférieure, à la résis-

27 28 



EP 3 791 956 B1

16

5

10

15

20

25

30

35

40

45

50

55

tance fluidique dudit premier organe de restriction
(24).

3. Dispositif (1) selon la revendication 1 ou 2, dans le-
quel au moins un desdits premier et deuxième orga-
nes de restriction (24, 30) comporte un canal en for-
me de méandre présentant une section transversale
réduite par rapport à une section transversale
moyenne du chemin microfluidique (18, 26) corres-
pondant.

4. Dispositif (1) selon l’une quelconque des revendica-
tions précédentes, dans lequel un tampon absorbant
(124) est placé dans ladite chambre à résidu (22) .

5. Dispositif (1) selon l’une quelconque des revendica-
tions précédentes, le dispositif (1) comprenant :

- une plaque principale (4) présentant un pre-
mier côté et un deuxième côté (6, 8) dont au
moins un est pourvu d’au moins un renfonce-
ment définissant un ou plusieurs éléments dans
le groupe comprenant : ledit premier chemin mi-
crofluidique (14), ledit deuxième chemin micro-
fluidique (18), ledit troisième chemin microflui-
dique (26), ladite chambre de détection (16) et
ladite chambre à résidu (22), et
- au moins une plaque d’étanchéité pour rendre
étanches/étanche ledit au moins un renfonce-
ment et/ou au moins un desdits premier et
deuxième côtés (6, 8).

6. Dispositif (1) selon la revendication 5, dans lequel
ledit premier côté (6) de ladite plaque principale (4)
comprend un renfoncement définissant ladite cham-
bre de détection (16), et dans lequel ledit premier
côté (6) est rendu étanche par une plaque d’étan-
chéité portant au moins une piste électriquement
conductrice (34).

7. Cartouche microfluidique de détection (100), pour
réaliser au moins deux mesures sensiblement simul-
tanées sur au moins deux échantillons de liquide,
comprenant un boîtier général (102) présentant

- au moins deux dispositifs microfluidiques de
détection (1) selon l’une quelconque des reven-
dications 1 à 6, ainsi que
- un premier canal de distribution (108) agencé
en communication avec ladite deuxième ouver-
ture (20) de chacun desdits au moins deux dis-
positifs microfluidiques de détection (1) et pré-
sentant une première ouverture générale (112)
conçue de manière à permettre l’application
d’une pression négative et/ou positive au sein
dudit premier canal de distribution (108), et
- un deuxième canal de distribution (110) agen-
cé en communication avec ladite troisième

ouverture (28) de chacun desdits au moins deux
dispositifs microfluidiques de détection (1) et
présentant une deuxième ouverture générale
(114) conçue de manière à permettre l’applica-
tion d’une pression négative et/ou positive au
sein dudit deuxième canal de distribution (110).

8. Cartouche (100) selon la revendication 7, présentant
huit dispositifs microfluidiques de détection (1) agen-
cés entre eux de telle manière que lesdites huit pre-
mières ouvertures (12) correspondantes soient tou-
tes sensiblement alignées.

9. Cartouche (100) selon la revendication 7 ou 8, lors-
qu’elle comprend au moins deux dispositifs micro-
fluidiques de détection (1) selon la revendication 5
ou 6, dans laquelle lesdites plaques principales (4)
correspondantes sont toutes constituées d’une seu-
le pièce définissant un premier côté général (116) et
un deuxième côté général (118).

10. Procédé de fabrication d’une cartouche microfluidi-
que de détection (100) selon la revendication 9, com-
prenant les étapes consistant à :

- fournir une plaque principale générale (106)
présentant au moins deux ensembles de ren-
foncements pour définir ledit premier chemin mi-
crofluidique (14), ledit deuxième chemin micro-
fluidique (18), ledit troisième chemin microflui-
dique (26), ladite chambre de détection (16) et
ladite chambre à résidu (22) pour chacun des-
dits au moins deux dispositifs microfluidiques de
détection (1), un desdits renfoncements étant
ménagé dans ledit premier côté général (116)
pour définir ladite chambre de détection (16)
pour chacun desdits au moins deux dispositifs
microfluidiques de détection (1),
- fournir une plaque d’étanchéité générale (126)
portant au moins un capteur électrochimique
(32) ainsi qu’au moins une piste électriquement
conductrice (34) pour chacun desdits au moins
deux dispositifs microfluidiques de détection (1),
- étanchéifier ledit premier côté général (116) au
moyen de ladite plaque d’étanchéité générale
(126), de manière à agencer lesdits capteurs
électrochimiques (32) sensiblement en aligne-
ment avec lesdites chambres de détection (16)
correspondantes,
- fournir une plaque de fermeture générale (128)
pour ledit deuxième côté général (118), et
- étanchéifier ledit deuxième côté général (118)
au moyen de ladite plaque de fermeture géné-
rale (128).

11. Procédé de mesure appliqué sur au moins un échan-
tillon de liquide par mise en œuvre d’un dispositif
microfluidique de détection (1) selon l’une quelcon-
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que des revendications 1 à 6, le procédé comprenant
les étapes consistant à :

- immerger ladite première ouverture (12) dans
un échantillon de liquide,
- appliquer une pression négative dans ledit boî-
tier (2) au moins au travers de ladite troisième
ouverture (28) jusqu’à remplir ladite chambre de
détection (16) par un volume prédéfini de
l’échantillon de liquide,
- appliquer une pression positive dans ledit boî-
tier (2) au travers de ladite troisième ouverture
(28) jusqu’à éliminer tout excédent de l’échan-
tillon de liquide au moins d’une partie dudit pre-
mier chemin microfluidique (14) située entre la-
dite première ouverture (12) et ledit troisième
chemin microfluidique (26),
- réaliser au moins une mesure au moyen dudit
au moins un capteur électrochimique (32), et
- extraire ladite première ouverture (12) dudit
échantillon de liquide avant ou après la réalisa-
tion de ladite au moins une mesure mais avant
l’application d’une pression négative dans ledit
boîtier (2) au travers de ladite deuxième ouver-
ture (20) pour transférer ledit volume prédéfini
de l’échantillon de liquide depuis ladite chambre
de détection (16) jusque dans ladite chambre à
résidu (22).

12. Procédé de mesure par mise en œuvre d’une car-
touche microfluidique de détection (100) selon l’une
quelconque des revendications 7 à 9, la mesure
étant appliquée sur N échantillons de liquide, N étant
égal ou étant un multiple du nombre de dispositifs
microfluidiques de détection (1) dans la cartouche
microfluidique de détection (100), le procédé com-
prenant les étapes consistant à :

- immerger, de manière sensiblement simulta-
née, ladite première ouverture (12) de chacun
desdits au moins deux dispositifs microfluidi-
ques de détection (1) dans un échantillon de li-
quide correspondant desdits N échantillons de
liquide,
- appliquer une pression négative dans ledit boî-
tier général (102) au moins au travers de ladite
deuxième ouverture générale (114) jusqu’à
remplir ladite chambre de détection (16) de cha-
cun desdits au moins deux dispositifs microflui-
diques de détection (1) par un volume prédéfini
de l’échantillon de liquide correspondant,
- appliquer une pression positive dans ledit boî-
tier général (102) au travers de ladite deuxième
ouverture générale (114) jusqu’à éliminer tout
excédent des échantillons de liquide au moins
d’une partie de chacun desdits premiers che-
mins microfluidiques (14) située entre ladite pre-
mière ouverture (12) et ledit troisième chemin

microfluidique (26) correspondants,
- réaliser, de manière sensiblement simultanée,
au moins une mesure sur chacun desdits au
moins deux échantillons de liquide au moyen
dudit au moins un capteur électrochimique (32)
correspondant, et
- extraire ladite première ouverture (12) de cha-
cun desdits au moins deux dispositifs microflui-
diques de détection (1) des échantillons de li-
quide correspondants avant ou après la réalisa-
tion de ladite au moins une mesure mais avant
l’application d’une pression négative dans ledit
boîtier général (102) au travers de ladite premiè-
re ouverture générale (112) pour transférer ledit
volume prédéfini des échantillons de liquide de-
puis chacune desdites chambres de détection
(16) jusque dans lesdites chambres à résidu
(22) correspondantes.

13. Procédé selon la revendication 11 ou 12, compre-
nant en outre une étape de calibrage pour calibrer
ledit capteur électrochimique (32) ou chacun desdits
au moins deux capteurs électrochimiques (32).

14. Procédé selon l’une quelconque des revendications
11 à 13, comprenant en outre une étape de rinçage
au moins dudit premier chemin microfluidique (14),
respectivement chacun desdits au moins deux pre-
miers chemins microfluidiques (14), avant l’immer-
sion de ladite première ouverture (12) dans un
échantillon de liquide, respectivement avant l’immer-
sion de ladite première ouverture (12) de chacun
desdits au moins deux dispositifs microfluidiques de
détection (1) dans un échantillon de liquide corres-
pondant parmi lesdits au moins N échantillons de
liquide, de préférence par circulation d’une solution
tampon.

15. Procédé selon l’une quelconque des revendications
11 à 14, dans lequel l’application desdites pressions
négative et positive au travers desdites deuxième et
troisième ouvertures (20, 28), respectivement des-
dites première et deuxième ouvertures générales
(112, 114), est mise en œuvre au moyen d’un seul
mécanisme pneumatique (44), en association avec
une vanne (46).

16. Procédé selon l’une quelconque des revendications
11 à 15, le procédé étant appliqué au moins à une
mesure relative à des molécules prédéfinies au sein
d’un milieu de culture cellulaire.

17. Procédé selon la revendication 16, le procédé étant
adapté à la réalisation de mesures relatives au glu-
cose ou au lactose.
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